Background: Although many hospitalized neuroscience patients have physical and occupational therapy (rehabilitation) needs, patients with none or minimal physical impairments frequently receive rehabilitation consultation, diverting from patients with greatest need. Methods: A multidisciplinary team on the general and cerebrovascular neurology acute inpatient services mapped the rehabilitation consultation process, resulting in multiple implemented interventions including physician education on appropriate acute rehabilitation consultations, modification of multidisciplinary rounds, and discussion of patient rehabilitation needs throughout hospitalization. Nurses used the same functional impairment measurement tool used by physical and occupational therapists, the Activity Measure for Post-Acute Care Inpatient Short Forms (Basic Mobility and Activity domains). Results: The rate for initial rehabilitation consults for patients with no limitations in mobility or activity during the 6-month baseline period was 12%, which was decreased to 7% and 10% during the 6-month intervention and sustain periods, respectively (P < .001). The baseline rate for patients with no limitations receiving both physical therapy and occupational therapy consultations was 62% and was decreased to 21% and 39% in the intervention and sustain periods, respectively (P < .001). Rehabilitation sessions per hospital day increased for patients with high functional impairments, from 0.52 at baseline to 0.64 in the intervention and 0.66 in the sustain periods (P ¼ .02), which equated to 1 more rehabilitation visit per patient hospitalization. Conclusions: A multifaceted intervention led to improved utilization of acute inpatient rehabilitation consultation while increasing the frequency of rehabilitation treatment for patients with highest functional impairment.
Introduction
As is true elsewhere in medicine, value of neurological care delivery is determined by the quality of care delivered, among other outcomes, with respect to the costs of care delivery. 1 Impairments in patient mobility and activity can predict hospital quality metrics such as prolonged length of hospital stay and readmission, 2, 3 while utilization of acute inpatient physical therapy following acute stroke is not only associated with a lower than expected cost of care but also increased probability of discharge home. 4 A key issue is reliably identifying those acute inpatients without mobility or activity impairments to eliminate wasteful physical and occupational therapy (rehabilitation) consultation requests and better direct rehabilitation resources to inpatients with rehabilitation needs.
As part of an institution-level Choosing Wisely effort. 5 The Johns Hopkins Hospital Departments of Physical Medicine & Rehabilitation (PM&R) and Neurology collaborated to improve utilization of rehabilitation consultation for neurology inpatients. Choosing Wisely is an initiative of the American Board of Internal Medicine, with the stated purpose of "advancing a national dialogue on avoiding wasteful or unnecessary medical tests, treatments and procedures." 5 Over 70 specialty and subspecialty societies have developed evidencebased recommendations through this initiative, including the American Academy of Neurology and American Academy of Physical Medicine and Rehabilitation. Our concern was rehabilitation consultation overutilization for those patients with no impairment in activity or mobility, with consequent diminished acute inpatient rehabilitation treatment frequency for those with greatest need. We set out to better understand our rehabilitation consultation processes, with the goal of developing interventions and processes to better direct rehabilitation resources among our acute neurological inpatient population.
Methods
The study was approved by the institutional review board of Johns Hopkins School of Medicine with approval for nurse participation through the Johns Hopkins Hospital Department of Nursing. A waiver of informed consent was granted since the intervention was part of a quality improvement project, and data were collected retrospectively.
Setting
This study was conducted on 2 mixed neurology and neurosurgery acute care units (total of 64 beds) at the Johns Hopkins Hospital, an academic medical center. The cerebrovascular and general neurology inpatient services are academic, with rotating medical students, resident physicians, and attending faculty as well as an advanced clinical practice provider. The cerebrovascular service additionally includes cerebrovascular fellowship trainees. Multidisciplinary care is delivered by the neurology physician teams, nurses, clinical support staff, physical therapists, occupational therapists, speech language pathologists, dietitians, and pharmacists.
Intervention Development
A team composed of nursing staff, physical and occupational therapists, cerebrovascular and general neurology attending physicians, PM&R physician and administrative leaders, hospital patient safety and quality improvement coordinators, and neurosciences departmental leadership was formed to examine the process for rehabilitation consultation. Applying Lean Six Sigma methodology, a process map for rehabilitation consultation was made through intervention team meetings and meetings with residents, nurses, physical, and occupational therapists. 6 This process was mapped from resident admission order entry to initial nursing assessment, physical and occupational therapist daily coverage preparation, physician team rounding, and multidisciplinary care coordination rounding where all disciplines are present to discuss patient care (Figure 1 ).
Interventions were developed to directly impact physician rehabilitation consultation practices, nursing assessment of patient mobility and activity limitations, physical and occupational therapist daily coverage preparation procedures, physician team rounding and documentation, and multidisciplinary care coordination rounds (Figure 1 ). Physical and occupational therapists were invited to resident orientation to present on appropriate rehabilitation consultation practices. Emphasis was placed on specificity of rehabilitation consultation, with consideration for each patient's need for physical or occupational therapy, and to request either as needed rather than indiscriminate requesting of both for patients they felt had acute inpatient rehabilitation therapy needs. Residents were also educated to enter specific indications for rehabilitation consultation requests and patient anticipated date of discharge at the time of consultation order entry in the electronic provider order entry and health record system (EHR).
Nursing staff were trained to assess patient limitations in activity and mobility using the Activity Measure for PostAcute Care (AM-PAC) Inpatient Activity Short Form and Inpatient Mobility Short Form. The AM-PAC is a set of instruments developed by the Boston University Health and Disability Research Institute. 7 The AM-PAC was designed to measure functional outcomes across acute and postacute settings, diagnoses, and conditions to examine functional outcomes as patients move across the care continuum. [8] [9] [10] The AM-PAC inpatient short forms for activity and mobility consist of 6 questions each, 7 and they were adopted by the Johns Hopkins Department of PM&R for use by occupational and physical therapists to assess patient limitations across the institution.
Physical and occupational therapists trained neuroscience nursing staff in the completion of AM-PAC activity and mobility short-form assessments. Nursing staff were educated to complete initial AM-PAC activity and mobility short-form assessments within the first 8-hour shift for all acute inpatients. If a patient was scored to have no activity or mobility limitations (a raw score of 24) on the respective AM-PAC short form, and rehabilitation consultation requests had been submitted for the same patients, nurses were trained to contact the residents to confirm the necessity and indication for consultation. Finally, nursing staff were trained in documentation of the AM-PAC short-form scores for care provider review in the EHR (Figure 1 ).
With the nursing-determined AM-PAC activity and mobility short-form scores entered during the first shift of patient admission and the anticipated date of discharge entered by the admitting resident in the EHR, physical and occupational therapists scheduled consultations and treatments during daily organization. Priority was given for patients anticipated to be discharged the same day as consultation. Therapists also confirmed with residents the necessity of physical therapy consultation for patients with AM-PAC mobility short-form scores of 24 as well as for occupational therapy consultation for patients with AM-PAC activity short-form scores of 24.
Resident and attending physicians were encouraged to specifically discuss patient rehabilitation consultation needs during physician team rounds, adding and cancelling consultation requests as appropriate based upon team assessment and despite patient AM-PAC short-form scores. Standard text describing patient assessment for rehabilitation need was developed to meet quality assurance documentation standards. This standard text was added to the EHR as an acronym expansion tool for incorporation in clinical documentation as appropriate. Resident and attending physicians were trained on use of the acronym expansion tool during resident and division meetings ( Figure 1 ).
Finally, multidisciplinary staff members were educated on the meaning of both AM-PAC short-form scores. Nursing AM-PAC activity and mobility short-form scores were incorporated in multidisciplinary care coordination rounding discussions. The necessity of rehabilitation consultations for patients with AM-PAC activity or mobility short-form scores of 24 was discussed during multidisciplinary rounds, with consultations cancelled or added as appropriate ( Figure 1 ).
Patient Inclusion Criteria
All cerebrovascular and general neurology patients greater than 18 years of age and admitted to a neurosciences acute care unit from January 1, 2014, to December 31, 2015, for whom a rehabilitation consultation request was made were included.
Study Design and Analysis
The intervention group was a prospectively collected sample of consecutive patients during the 6-month period of January 1, 2015, to June 30, 2015. The sustain group was a prospectively collected sample of consecutive patients during the period of July 1, 2015, to December 31, 2015. Of note, no additional interventions (eg, educational sessions) occurred during the sustain period. The intervention and sustain groups were compared to a retrospective baseline cohort of consecutive patients during the 6-month period of January 1, 2014, through June 30, 2014, the period prior to formation of the multidisciplinary team. Data were collected from administration, clinical, and quality improvement databases as well as the EHR. Demographic data included patient age, gender, race, insurance payer, and observed length of stay. Prespecified outcomes measured included the number of physical and occupational therapy consultation requests, visits, and treatments per consultation as well as injurious falls on the study units.
Functional impairment categories were based on standardized AM-PAC tertiles: high is <35.3, middle is 35.3 to 40.8, and low is 42.1; no impairment was defined as the highest standardized score on the inpatient AM-PAC mobility short form of 61.1 with a raw score of 24 or inpatient AM-PAC activity short form of 57.7 with a raw score of 24. Of note, patients with no impairment were included in the low functional impairment category for tertile comparisons. To compare proportions of rehabilitation visits (physical and occupational therapy) across time periods, a w 2 test was used. To compare the number of rehabilitation visits (physical and occupational therapy) per patient day across time periods for each impairment group, separate bivariate linear regression models were used. Finally, rate of injurious falls (the number of injurious falls by total patient days) between the time periods was compared using an exact Poisson method.
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Data were analyzed with R (version 3.3.1; http://www.r-project.org). Two-tailed statistical significance was assessed at the P < .05 level.
Results

Patients
During the baseline period, 389 acute neurological inpatients were seen in rehabilitation consultation and received therapy treatment. The intervention period included 321 inpatients and the sustain period included 307 inpatients. The baseline, intervention, and sustain groups were well matched in terms of age, race, payer, diagnoses, and observed length of stay (Table 1) .
Among the 133 patients with no functional impairments evaluated, 38 (29%) had a primary diagnosis of a progressive disease, such as multiple sclerosis, amyotrophic lateral sclerosis, Parkinson disease, or chronic inflammatory demyelinating polyneuropathy, 12 (9%) had a stroke, 12 (9%) had an infectious disease, 8 (6%) had a seizure, 7 (5%) had a general medical problem, 5 (4%) had a headache disorder, 4 (3%) had a spinal surgery, 2 (2%) had a craniotomy and maxillofacial surgery, and 45 (34%) had another diagnosis. Of these patients with no functional impairments, 118 (89%) were discharged home without additional services, 12 (9%) were discharged with home care services, 1 (1%) was discharged to skilled nursing facility, and 2 (2%) were discharged to an inpatient psychiatry unit. Their mean length of stay was 4.0 (standard deviation: 2.7) days.
Rehabilitation Consultation Utilization
During the baseline period, 12% (87/706) of initial rehabilitation visits were for patients with no limitations in activity or mobility (Table 2A ). The proportion of initial rehabilitation visits for patients with no limitations decreased in both the intervention (55/584, 7%) and sustain periods (57 of 558, 10%), which represented a relative 42% and 17% decrease, respectively (P < .001). A similar pattern was observed in terms of total rehabilitation visits for patients with no activity or mobility impairment, with 6% (101/1603) in the baseline period, which decreased to 3% (43/1548) in the intervention period and 4% (59 of 1537) in the sustain periods, a relative decrease of 50% and 33%, respectively (P < .001; Table 2B ).
Notably, dual consultation for both physical and occupational therapy for patients with no impairment decreased from a baseline rate of 62% to 21% in the intervention period and 39% in the sustain period, a relative decrease of 66% and 37%, respectively (P < .001). 
Rehabilitation Treatment Frequency
When rehabilitation consultations were requested, the mean number of treatment sessions per hospital day for the no impairment as well as the low and middle impairment patient tertiles did not change significantly across study periods. However, for the high impairment tertile of patients, the treatment intensity increased from 0.52 at baseline to 0.64 in the intervention period and sustained at 0.66 (P < .05). This equated to 1 more rehabilitation treatment session per patient hospitalization in the high impairment tertile group (Table 3) .
Falls
Injurious fall rates per patient days during the intervention and sustain periods were 13 in 9777 and 8 in 9742, respectively, which were not higher than the baseline period (10 falls in 10 224 patient days; P ¼ .81 and P ¼ .89, respectively).
Discussion
Here, we present a multifaceted, multidisciplinary quality improvement project which increased care value by improving utilization patterns for acute inpatient rehabilitation consultation. The proportion of initial treatment visits for patients with no limitations in activity or mobility was not only reduced during the intervention period but also sustained during the 6 months following, reflecting maintained changes in process and behavior. Also, rehabilitation consultation practices changed, with a significant decrease in the proportion of dual physical and occupational therapy requests for those with no functional impairment. Finally, the number of rehabilitation therapy treatments for those with highest impairment was increased in intervention period relative to baseline and sustained.
Value of care can be improved by reducing costs through cost and waste reduction programs, initiatives to better target treatments and procedures to specific at-risk populations, and process improvement projects. 1, 12 The American Board of Internal Medicine's Choosing Wisely campaign was undertaken to advance a national dialogue to improve care value by avoiding wasteful or unnecessary treatments and procedures. 5 Institutions such as ours have encouraged departments to develop projects to increase care value. By better directing the resources of acute in-hospital rehabilitation consultations and treatments from those with no limitations in mobility or activity to those in need, further care value for this acute inpatient neurology population was created. Not only was it created, but as the observations of the sustain period demonstrate, it was maintained relative to the baseline period.
Impairments in mobility and activity are not uncommon among neurological patients. These impairments impact patient experience of disease, and their degrees are measured and followed through the course of disease and treatment using tools such as the Kurtzke Expanded Disability Status Scale in multiple sclerosis. 13 In ischemic and hemorrhagic stroke, the assessment for the need for physical and occupational therapy for patients after stroke is considered a measure of care quality, 14 with utilization of physical therapy following acute stroke being associated with less than expected cost of care and increased probability of discharge home. 4 The same is true in neurodegenerative diseases such as Parkinson and Alzheimer, as requesting and performing occupational and physical therapy treatments are measures of care quality. 15, 16 We reason that this approach can be adopted in other acute inpatient populations and clinical settings because of the nature of the intervention. The approach consisted of training residents in appropriate rehabilitation consultation practices and ingraining discussions of activity and mobility in multidisciplinary care discussions. This training was included as inpatient physicians submit consultation requests, often with input from other members of the care team. Importantly, nurses utilized the same functional assessment tools that have been traditionally used by physical and occupational therapists. This approach involved training nurses in the administration and scoring of the AM-PAC activity and mobility short forms, and their assessments were available for physician and therapist review in the EHR.
The use of the AM-PAC short forms facilitated nurse, physician, and therapist discussion of patient rehabilitation needs. In the hospital setting, it is important to have different disciplines caring for the same patients using a common language to describe patient activity and mobility. By utilizing nursing evaluation of patient activity and mobility early in the hospitalization, the resource of rehabilitation consultation and treatment was directed away from those with no impairment, with the associated increased number of treatments for those with greatest impairment, and without an increase in rates of injurious falls.
This study is limited in its generalizability as it was performed at a single tertiary academic medical center and involved only an acute inpatient neurology patient population. In addition, it did not control for fluctuations in the number of physical and occupational therapists available during the baseline, intervention, and sustain periods. Physical and occupational therapy staff on the neuroscience units consisted of teams of therapists who provide consultation and treatment services across the Johns Hopkins Hospital. Since availability of rehabilitation staff depends on the needs of the entire hospital, it was not possible to calculate the full-time equivalents available to the neuroscience units specifically during the study periods. A third limitation is that only patients for whom an acute inpatient rehabilitation consultation was made were included here. It is possible that patients who needed rehabilitation services during hospitalization did not receive it, thus potentially limiting our ability to discern whether the intervention led to less rehabilitation consultations for patients in need. However, this seems less likely given the several assessments of patient therapy needs performed here. Anecdotally, there were instances where nursing AM-PAC scores prompted rehabilitation consultation; however, these data were not formally collected and we are unable to comment further. A fourth limitation is that through the course of this study, nurses were monitored for completion and documentation of assessments; however, the time necessary for nurse completion of AM-PAC assessments and the concordance between nurse and therapist AM-PAC assessments were not studied. This study has prompted subsequent reliability and validity studies of mobility measures between therapists and nurses at our institution. Finally, it would be interesting to note the impact of these interventions on other quality metrics, such as other hospital-acquired harms and discharge disposition, measures not investigated here.
Conclusion
By addressing the various aspects of acute inpatient rehabilitation therapy consultation utilization, patterns of overutilization were reduced for acute neurology inpatients with no functional impairment as captured by validated mobility and activity assessment tools. In addition, the frequency of rehabilitation therapy treatment was increased for those with greatest impairment. These effects were not only seen during a focused quality improvement initiative but sustained well after. Future prospective studies across other medical and surgical populations and institutions are warranted to confirm this observation.
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